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ABSTRACT 

We present new results on X-ray properties of radio loud broad absorption line (BAL) quasars and 
focus on broadband spectral properties of a high ionization BAL (HiBAL) compact steep spectrum 
(CSS) radio-loud quasar 1045+352. This HiBAL quasar has a very complex radio morphology in- 
dicating either strong interactions between a radio jet and the surrounding interstellar medium or a 
possible re-start of the jet activity. We detected 1045+352 quasar in a short 5 ksec Chandra ACIS-S 
observation. We applied theoretical models to explain spectral energy distribution of 1045+352 and 
argue that non-thermal, inverse-Compton (IC) emission from the innermost parts of the radio jet can 
account for a large fraction of the observed X-ray emission. In our analysis we also consider a scenario 
in which the observed X-ray emission from radio-loud BAL quasars can be a sum of IC jet X-ray 
emission and optically thin corona X-ray emission. We compiled a sample of radio-loud BAL quasars 
that were observed in X-rays to date and report no correlation between their X-ray and radio lumi- 
nosity. However, the radio-loud BAL quasars show a large range of X-ray luminosities and absorption 
columns. This is consistent with the results obtained earlier for radio-quiet BAL quasars and may 
indicate an orientation effect in BAL quasars or more complex dependence between X-ray emission, 
radio emission, and an orientation based on the radio morphology. 
Subject headings: quasars: absorption lines — quasars: general — X-rays: galaxies 



1. INTRODUCTION 

About 10%-30% of quasars population show 
blueshifted broad absorption lines (BALs) of the 
high ionization resonant lines (CIV 1549 A - high- 
ionization BAL (HiBAL) quasars). Ten percent of them 
also show absorption troughs in low ionization lines 
(Mgll 2800 A - low- ionization BAL (LoBAL) quasars). 
BALs are probably ca used by the outf l ow of gas with 
velocities up to 0.2c (|Hewett fe Foltd 120031) and are 
associated with the accretion proces s. As it has been 
recently found (|Becker et al.1 120001 ) both radio-quiet 
and radio-loud quasars can have BALs. There are two 
scenarios explaining origin and nature of BAL quasars. 
According to the first one, BAL regions exist in both 
BAL and non-BAL quasars, and the BAL quasars are 
normal quasars seen al ong a particular line of sight - a t 
high inclination angles (|Murrav et al.lll995t lElvisfl2000D . 
The second says that BALs may be associated with a 
short-lived evolutionary quasar phase characterized by a 
large covering frac t ion w ind, rather than the orientation 
(|Gregg et al.ll2000L 



Theoretical models (|Murrav et alj 119951 : lElvid 120001) 
suggest that BALs are seen at high inclination angles, 
which means that the outflows from accretion disks are 
present near an equatorial plane. However, some re- 
cent numerical work indicates that it is also plausible 
to launch bip olar outflows from the inner regions of a 
thin disk fe.g. iGhosh fe Punslvl 120071: iProga fc Kallmanl 
12001 . There is a growing observational evide nce indicat- 
ing the existence of polar BA L outflows (e.g. iZhou etldl 
120061 IGhosh fc Punslvl 120081 ) . This means that there is 
no one simple orientation model which can explain all 



the features observed in BAL quasars. 

X-ray obs ervati ons of radio-q uiet BAL quasars 
([Green et al.l 120011 : [Gallagher et al.l 120061 indicate that 
they are X-ray weak, perhaps due to a high absorption 
column intrinsic to the source. Their X-ray spectra dis- 
play a clear evidence of X-ray absorption, often complex, 
with high intrinsic co lumn densities Nu > 10 22 cm~ 2 
([Gallagher et al.l l2002h . The origin of the BAL X-ray 
absorber is still debated, although a broadening of the 
optical absorption lines suggest the high velocity out- 
flows as a source of this absorpt ion. This view was chal - 
lenged by iGiustini et ail (|2008l) and iShen et alj (|2008l ) 
who concluded that X-ray selected BALs appear less X- 
ray absorbed than purely optically selected ones. This 
could be a geometrical effect: we observe these objects at 
smaller angles with respect to the accretion disk rotation 
axis, so missing the bulk of X-ray shielding gas and the 
highest outflow velocities. 

Radio band observations can provide orientation in- 
formation for radio- loud quasars with BALs, so chances 
to study and identify the origin of the absorbing gas 
are higher in the radio-loud than in the radio-quiet 
quasars. In addition radio-loud qua sars are more X-ra y 
loud than the radio-quiet quasars (|Young et alj [2009) . 
However, X-ray observations of radio-loud BALs are 
sparse and only a handful of them have been observed 
in X - ravs so far dBrotherton et all 120051: iMiller et all 
[20061: iSchaefer et alj 120061 : iWang et al.l 120081 and this 
paper). There is also a very limited information 
about the radio morphology of BAL quasars. There 
are only 10 of them with known large scale radio 
morphology (IWi Is et al l [19991: IGregg et, al.l l2000l [20061 : 



iBrotherton et al.l l2002t IZhou et al.ll2006f ). Most of the 
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radio-loud BAL quasars detected to date have very com- 
pact radio structures similar to Gigahertz-Peaked Spec- 
trum (GPS) and compact steep s pectrum (CSS ) sources 
which are thought to be young (jO'Deal [19981. There 
are only a few radio-loud compact BAL quasars with 
resolved structures that were observed in radio band 
at on e frequency only (|Jiang k. Wand 120031 : iLiu et all 
2008). The first multifrcqucncy radio observations of 
a very compact HiBAL quasar 10 4 5+352 were made 
by iKunert-Bajraszewska fc Mareckil (|2007T >. The com- 
plex compact structure has been resolved into many sub- 
components and indicates that the jet is moving in a non- 
uniform way in the central regions of the host galaxy. 

We observed 1045+352 BAL quasar (z = 1.604) in X- 
rays using Chandra X-ray Observatory. We report the 
results of this observation in Sec. [2j present and model 
the spectral energy distribution (SED) of 1045+352 in 
Sec. [3] and discuss the source properties together with 
the properties of all radio-loud BAL quasars observed 
to date in Sec. [4] Finally Sec. [5] summarizes the main 
conclusions. 

Throughout the paper, we assume a cosmology with 
H =71kms- 1 Mpc- 1 , ft A/ =0.27, ft A =0.73. 

2. CHANDRA X-RAY OBSERVATION 

1045+352 BAL quasar was observed with the Chan- 
dra Advanced CCD Imaging Spectrometer (ACIS-S, 
iGarmire et aT1l2"o"03T) on 2008 Jan 20 (ObsID 9320). The 
source was located at the default aim-point position on 
the ACIS-S backside illuminated chip S3 (Proposer's Ob- 
servatory Guide (POG) 1 ). The 1/8 subarray CCD read- 
out mode of one CCD only was used resulting in 0.441 sec 
frame readout time. The effective exposure time for this 
observation was 4658.44 sec. 

We observed five counts in the assumed 1.3 arcsec ra- 
dius circular source region defined at the position of the 
radio source (Table[T|). All the detected counts are within 
the 0.5-7 keV energy range. We calculated the signif- 
icance of this detection assuming the Poisson distribu- 
tions for the source and background. Given 6 background 
counts in the background region (~ 50 times larger than 
the source region) and assuming the Poisson background 
we simulated the expected background count rate in the 
source region. This simulation accounts for the fluctu- 
ations in the background. We obtained the significance 
of observing five counts given the background rate at 
6xl0~ 7 and concluded that the detection of the source 
is highly significant. 

The observed five counts give a source flux within 0.5- 
7 keV of 1.25^Q ?g x 10~ 14 erg cm -2 s _1 assuming a power 
law model with T = 1.7 and absorption at z = of 
N H = 1.28±o ° 6 x 10 22 cm" 2 (the errors are la for 1 sig- 
nificant parameter). The absorption column is treated 
as an observed minimal value of the absorption in this 
source and the calculated source flux we take into ac- 
count in SED modeling. The absorption column was ob- 
tained in Sherpa by fitting an absorbed power law model 
with fixed photon index assuming Cash statistics and it 
is only a rough approximation as the true value of the 
continuum shape is unknown. We derive the 3 sigma 
upper limit on the intrinsic absorber at z = 1.604 of 

1 http:/ /asc. harvard.edu/proposer/POG/indcx. html 



Nh < 9.6 x 10 23 cm~ 2 . The unabsorbed X-ray flux in 
the 0.5-7 kev band assuming only Galactic absorption 
and photon index T = 1.7 (e.g. fitting only the model 
normalization) is 7.00 x 10 -15 erg cm -2 s _1 . 

We calculated the observed hardness ratio for the 
source: HR = (H - S)/{H + S) = 3/5 = 0.6 (where, 
H= hard(2-10 keV) = 4 counts; S= soft(0.5-2keV) = 1 
count). The X-ray spectrum appears to be relatively 
hard, although more counts are needed to confirm this 
result. Table [1] lists all the observed X-ray and radio 
parameters for this source. 

3. BAL QUASAR 1045+352 

1045+352 HiBAL quasar is a compact radio - loud CSS 
source at redshift z= 1.604 (jWillott et al.ll2002h . Accord- 
ing to the evolution theory the CSS sources are young 
AGNs evolving into large scale FRI and FRII radio 
sources. They probably originate in a merger event and 
it is possible that in a case of 1045+352 traces of that 
process are still visible. This HiBAL quasar 1045+352 
has a complex radio morphology with a radio jet axis re- 
orientation: the NE/SW emission can be the first phase 
of activity, now fading away, and the extension in the 
NW/SE direction is a signature of the current active 
phase. Such a reorientation of the jet axis may result 
from (1) a merger, (2) a jet precession, or (3) jet-c loud 
interactions (jKunert-Bajraszewska fc Mar ecki 2007). Its 
high submillimetcr emission and a distorted radio struc- 
ture indicate that the whole source resides inside the 
dense medium of the host galaxy, which together with 
the small (4.3 kpc) linear radio size suggest it is a young 
active galactic nucleus (AGN). 

Our Chandra X-ray observation of 1045+352 
gives a source unabsorbed 2keV flux of 
1.32xl0 -15 erg cm" 2 s" 1 keV~ 4 assuming a power 
law model with T = 1.7 and Galactic absorption. The 
estimated observed a ox — 1.38 would indicate a rather 
normal, unabsorbed radio-loud quasar. However, the 
optic al flux is reddened by Ay = 1.5 (Willot t et al.1 
2002). Based on the estimated dcrcddcncd optical flux 
we calculated intrinsic optical— X-ray index, a ox — 1.88. 
This is typical value for r adio-quiet quasars, although 
(|Siemi ginowsk a~et al.ll2008f ) found the similar values of 
a ox in a sample of radio-loud GPS and CSS quasars. 
Note that such high value of a ox may also suggest a 
presence of an X-ray absorber close/in the BLR region. 

3.1. Black Hole Mass Estimation 

Using the publishe d optical spectrum an d emission line 
data for 1045+352 (jWillott et alj I2002D we estimated 
its black hole mass and the Eddington luminosity ratio. 
To estimate the black hole mass we used the fo llowing 
prescription derived bv iMcLure fc Jarvisl (|2002f ). which 
uses the 3000A monochromatic luminosity and the Mg II 
A2800FWHM: 



M BH = / AL3000 V- 4 ' / FWHM(Mg II) \ 
M Q ' V 10 44 ergs-V ^ km s" 1 J 

(1) 

The obtained value is Mbh = 1x10 s Mq, which we then 
used to calculate the Eddington luminosity: 
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L Edd = 1.25xl0 38 erg s" 1 (2) 

We estimated the bolometric luminosity for 1045+352 
using the following equation: 

L bo i = 47rDj>f(l+z)AF A , (3) 

where A = 3000A and f=5 is the average bolometric cor- 
rection from 3000A (jGangulv et al.ll2007f) . The Edding- 
ton luminosity ratio is then: Lboi/LEdd = 0.36. It has 
to be noted here that the mass estimate based on the 
Mgll emission line width (and so the value of the accre- 
tion rate) can have a large error. We treated these values 
as the input parameters for an accret ing corona model 
of act ive galactic nuclei described by Uaniuk fc Czernvl 
( 2000) which we used together with the synchrotron self- 
Compton scenario to model SED of 1045+352. 

3.2. Broad-Band Emission of 1045+352: Models 

Broadband spectra of 1045+352 are characterized by 
the strong radio emission, peak in the IR, and rela- 
tively strong UV- X-ray continuum. We apply two emis- 
sion models to the observed multiwavelength spectrum 
of 1045+352. We start with the emission related to the 
jet, because the quasar is radio-loud and the jet dom- 
inates the observed radio emission. In the second step 
we calculate the contribution to the spectrum from our 
accretion disk-corona model. 

3.2.1. X-ray Emission of the Jet 

Significant or even dominant part of the X-ray emis- 
sion could be produced by propagating radio jets and 
expanding lobes, located at the dista nce a few hundred 
parsec from the cen ter of the source (Mil ler et al.1 [20061: 
IStawarz et al.l l2008f) . To check this possibility we use 
a simple model that is able to reproduce the observed 
spectra. 

We assume a spherical geometry of this part of the 
jet, described by radius R. More complex, conical or 
para boloid geometry could better describe this region 
(e.g. iKonigll 119811 : IGhisellini et~aTlll985h . however, such 
modeling requires more free parameters, which are dif- 
ficult to constrain from the observations. The spherical 
region in our model is filled by relativistic electrons and 
tangled magnetic field characterized by strength B. The 
electron energy distribution is assumed to be a power- 
law function N(j) = Kj~ n for 1 < 7 ^ 7 max , where 
7 is the Lorentz factor that describes electron energy 
(E = jm e c 2 ), K describes particle density for 7=1, 
and n is the index of the energy spectrum. The relativis- 
tic electrons spinning around magnetic field lines pro- 
duce synchrotron emission. Some fraction of this emis- 
sion is upscattered to higher energies by the electrons. 
This is well known synchrotron self-Compton scenario 
(SSC). To calculate t he synchrotron emission we us e the 
emissivity deriv e d byfCrusius fc Schlickeiserl (|1986f ) and 
IGhisellini etall (19881). The inverse-Compton (IC) ra- 
diation ^is_ calculated using Compton-kernel derived by 
IJonesl (fl968h . The emission produced in the jet comov- 
ing frame is transformed to the observer's frame using 
standard formulae and assumed value of the Doppler 



factor (5). However, proper motions of jet's compo- 
nents in CSS objects are relatively slow (up to 0.3c, 
iPolatidis fc Conwavl 12003) . This together with an esti- 
mation of the viewing angle (see Table 1) is limiting the 
Doppler factor to S < 2 and practically eliminating it as 
a free parameter. 

This is in fact the simplest possible scenario that may 
explain jet emission in a wide range of energies, starting 
from low frequency radio observations up to gamma rays. 
The model requires only three free parameters (i?, B, K). 
Moreover, the index of the particle energy spectrum (n) 
can be constrained directly from the observations using 
fundamental relationship a r = [n — l)/2, where a r is 
the spectral index of the observed synchrotron emission 
i^ syn oc i/~ Qr . The maximum energy of the electrons, 
characterized by 7 max can be derived from the standard 
formula that describes particle cooling due to the syn- 
chrotron and the IC emission 

7max(i) = ^ C = (U B + C/ rad ) , (4) 

where Ub — B 2 /(8it) is the magnetic field energy density 
and {7ra.ri is the synchr otron radiation field energy density 
(i.e. I K ar dashevl ) 1 9 6 21 ) . We calculate 7 max for the time 
t = R/c, e.g. the minimum travel time across the source. 
This assumption may overestimate the maximum energy 
if the cooling process is dominating the particle energy 
evolution. On the other hand our estimation does not 
take into account any possible acceleration of the parti- 
cles that may partially compensate the cooling process. 

In our first attempt to fit the observations we assume 
that the whole emission observed from the radio frequen- 
cies up to IR range is produced by a spherical knot of 
the jet. This assumption gives five direct observational 
constraints. The first constraint is the self-absorption 
frequency (f s ). Some fraction of the low frequency syn- 
chrotron emission can be absorbed by the electrons inside 
the source. This is well known electron self-absorption 
process that modifies index of the synchrotron emission 
producing a r — 5/2. In 1045+352 the self-absorption 
modifies the index of the emission below v s ~ 10 8 Hz. 
On the other hand, the synchrotron emission of the knot 
must extend up to the IR range, above 10 11 Hz. This 
gives observational constraints for "f max that must be 
high enough to explain such emission. The levels of the 
synchrotron and the IC emission give the next two ob- 
servational constraints. Note that the ratio between the 
synchrotron and the IC emission directly indicates the 
ratio between Ub and C/ ra d 

Ub -^pcak.syn / - \ 

TT ~ ~~F ' ' \ ) 

l^rad ^peak.IC 

where i^poak = max[^F(^)]. In the case of 1045+352 
-^pcak, syn -^peafc. ic that shows dominance of the syn- 
chrotron cooling over the IC looses. This basically means 
that the value of 7 max is controlled by the magnetic field 
strength. Finally, the slope of the synchrotron emission 
gives the fifth observational constraint. We estimated 
the value of this parameter to be a r = 0.8, that gives 
n = 2.6. The a r value has been determined using all 
available radio points and it is slightly different from 
that presented in Table [T] Taking into account all the 
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above constraints we obtained satisfactory fit (Fig. [T^,) 
using S = 1.3, B = 8 x 1CT 4 G, K = 2.5 cm" 3 and 
R = 1.1 x 10 21 cm (356.5 pc). Moreover, we calcu- 
lated values of 7 max = 2.68 x 10 4 , U^/Ub = 0.23 and 
E e /EB = 1-34 x 10 2 , where E e is the total energy of the 
electrons and Eb is the total energy accumulated in the 
magnetic field. The last result shows no equipartition be- 
tween the particle energy and the magnetic field energy. 
The equipartition would require a few times larger value 
of the magnetic field. However, such strong magnetic 
field could cause efficient synchrotron cooling, reducing 
significantly maximum energy of the particles. On the 
other hand the equipartition does not have to be reached 
in a compact region of the jet, located at a relatively 
small distance from the center, where we still may ex- 
pect the particle acceleration. Note that it is possible 
to reduce a disagreement between E e and Eb by consid- 
ering for example twice as large source and reducing a 
few times the particle density. This will also significantly 
decrease the level of the IC emission because this emis- 
sion is proportional to the square of the particle density. 
Therefore, the source in equipartition will not produce 
efficiently the X-ray emission. However, a bigger source 
needs more time to be created and therefore the particles 
have more time to be cooled. This reduces significantly 
Tmax and makes impossible to explain observed level of 
the emission above 10 11 Hz. More extended synchrotron 
source is also optically thin at lower frequencies. The 
self-absorption break (y s ) in such spectrum appears be- 
low 10 s Hz which does not agrees with the observations. 
In other words the bigger source has synchrotron spec- 
trum "shifted" toward lower frequencies. 

The radius of the jet knot derived in our first fit 
is relatively large (356.5 pc), a few times larger that 
the size of the smallest jet component tightly con- 
strained by the high resolution radio maps (60-70 pc; 
iKunert-Bairasz cwska & Marccki 2007). Therefore in our 
second fit we assume relatively small radius to be in 
agreement with the radio observations. The reduced vol- 
ume of the source must be compensated by increased 
particle density and/or increased magnetic field strength. 
However, B cannot be increased significantly because 
this parameter has direct impact on the maximum en- 
ergy of the particles. The density can be increased sig- 
nificantly but this will make the source optically thick 
for the low frequency radio emission, shifting v s toward 
higher frequencies. On the other hand the low frequency 
radio emission can be produced by more extended struc- 
tures of the jet. Unfortunately we have only the spectrum 
of the total emission of 1045+352 without information 
about the contribution of separated jet components to 
the total emission. The best fit (Fig. [IJj) in this partic- 
ular case was obtained for S = 1.5, B = 3.0 x 10~ 3 G, 
K = 19cm~ 3 andi? = 2.1xl0 20 cm (68 pc). We also cal- 
culated values of 7 max = 1-0 x 10 4 , U ia d/Us = 0.21 and 
E b /Eb = 72.0. Note that the disproportion between E e 
and Eb was slightly reduced. However, further reduc- 
tion of the source size is not possible. More compact 
and therefore more dense source would produce efficient 
X-ray emission, significantly above the observed level. 

We assume that well visible excess of the emission 
in the IR range is produced by dust in the center of 
1045+352. Therefore we approximate this emission us- 



ing a greybody spectrum that differs from a blackbody 
(Bbbiv 1 )) distribution by a simple factor 

B gb (u) = (l-e- T ^)B bb (u), (6) 

where 

"(*)'-(*)' 

v is a turn-over frequency (or A , the turn-over wave- 
length), the frequency at which the source becomes op- 
tically thin, and (3 is the emissivity index of the dust 
grains. We use in our calculations (3 — 2 that changes 
index of the power-law part in the spectrum from v 2 in 
classical blackbody spectrum to v A in the greybody dis- 
tribution that better describes thermal emission of the 
dust. This is in fact the only one difference between the 
blackbody and greybody spectrum in our approach. 

To calculate possible influence of the greybody emis- 
sion for the IC scattering inside the jet component that 
produces the X-ray emission , we u se approximation pro- 
posed bv llnoue fc Takaharal (fl996). The only one differ- 
ence between this approximation and our calculations is 
that we use greybody distribution instead of the black- 
body one. According to this approximation the emission 
is characterized by luminosity of the center (I/ n uc) and 
the temperature of the dust (T). Moreover the inten- 
sity of the emission in the comoving frame of the source 
depends on the distance to the center D. 

The best spectrum of the observed IR emission was 
obtained for t'peak-E'nuc^peak) = 8 x 10 45 erg s~ 4 and the 
dust temperature T = 50 K. Moreover, we found that 
the inverse-Compton scattering of the photons produced 
by the dust becomes negligible for D > 2 x 10 21 cm. 
Note that the radius of the source is R = 2.1 x 10 20 cm 
thus such relatively large source should not be placed to 
close to the center and therefore IC scattering of the dust 
photons can be neglected. 

The optical data (starlight from the host galaxy) are 
taken from the SDSS and fitted with the blackbody curve 
with a temperature T — 10 4 K and f pea k^nuc(i / poak) = 
10 45 erg s" 1 . The IC scattering of this additional radia- 
tion field appears also negligible for D > 2 x 10 21 cm. 

The two cases described above and illustrated in 
Fig. [1Kb show that the high energy emission of a radio- 
loud BAL quasar can be explained by a simple SSC 
model. The observed synchrotron emission constrains 
the free parameters of the model well. Therefore the cal- 
culated level of the IC emission is also well constrained 
and appears to be in a good agreement with the obser- 
vations. In other words, it is difficult to explain the ob- 
served synchrotron spectrum of the synchrotron emission 
and simultaneously to avoid significant emission in the X- 
ray range due to the SSC scattering. The possibility that 
the X-ray emission in young GPS sources is produc ed by 
a jet was recently discussed (jTengstrand et al.ll2009[ ). but 
there was no straightforward answer so far. 

3.2.2. X-ray Emission of the Corona 

We use an accretin g corona model derived by 
Uaniuk fc Czernvi (|2000f) to model the X -ray emission 
in 1045+352 (see a ls o other applica t ions o f this model: 
Uaniuk et all (|l999f ); iBechtold et~aT1 (|2003[ )V Following 
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this model, we assume that the (stationary) accretion is 
ultimately responsible for the broadband emission, and 
the flow consists of two media: relatively cold, optically 
thick disk, and hot, optically thin corona. This model 
has only three basic parameters: an accretion rate, M, a 
black hole mass, M, and the viscosity parameter, a. The 
fraction of the energy released in the corona is not a free 
parameter, but is calculated as a function of radius from 
the global parameters. All measurable quantities, like 
the ratio of the disk emission to the coronal emission, 
the spectral slopes and the extension of the spectrum 
into gamma-ray band result from the model, including 
the trends for the change of these quantities with accre- 
tion rate. In the case of limited spectral information a 
small number of model parameters is a big advantage 
over the other more co mplex disk-corona models (e.g. 
ISobolewska eTaIll20Mallbh . 

We assume that the hot optically thin corona is a two- 
temperature medium, i.e. the ion temperature is higher 
than the electron temperature (jShapiro et al.f l967). The 
loss of gravitational energy by accreting coronal gas is 
transported directly to ions, while the Coulomb coupling 
transfers this energy to electrons and finally electrons 
cool down by the IC process. The disk emission provides 
the source of soft photons for Comptonization, and the 
a mplification factor is defined by the Compton parameter 
y (|Witt et al.lll997l ). 

We assumed a non-rotating black hole so the inner disk 
radius is located at SRschw arid the Eddington accretion 
rate is defined using the efficiency of accretion equal to 
1/16: 



Af Edd 3.52M 8 

where M 8 = M/1O 8 M is the black hole mass, and M 
is given in the units of solar masses per year. The non- 
rotating black hole model is taken here for simplicity, 
although in the case of the radio-loud QSOs the rotating 
black hole is usually considered. The spin of the black 
hole would result in shifting of the inner radius of the 
disk-corona system closer to the black hole. However, the 
coronal emission is dominated by the outermost parts of 
the corona, and the X-ray spectrum would not change 
due to the black hole rotation. Therefore the outcome of 
the modeling is practically unaffected by the value of the 
black hole spin. 

Overall, the model spectra do reproduce the observed 
AGN spectra, as most of the emission is released from 
the accretion disk in the UV and soft X-ray bands and 
some fraction of the total luminosity is emitted in hard 
X-rays because of Comptonization. These two compo- 
nents, soft and hard, are modeled simultaneously due to 
the radiative coupling between the disk and corona. The 
initial input parameters to the model (Mbh = 1 X 10 8 Mq 
and to = 0.36) were estimat ed from the spectrum of 
1045+352 (jWillott et all 120021) . The assumed viscosity 
parameter, a, was either 0.1 or 0.03. The disk emission 
was also corrected for the galactic starlight, by means of 
the thermal emission which peaks at logi^ = 14.5 [Hz]. 
However, for these initial parameters we did not obtain a 
satisfactory fit, because the disk luminosity was too high 
to reproduce correctly the optical emission detected in 



1045+352. Also, the coronal emission was too high in 
X-rays and exceeded the Chandra limits. 

By decreasing the accretion rate we obtained a lower 
flux emitted from the accretion disk, but it didn't help 
us to fit the optical data. Note that the ratio of the 
luminosity emitted in the corona with respect to the disk 
emission is higher for a smaller accretion rate. This is 
because the Compton cooling of the corona is less efficient 
due to a lower soft photon flux from the disk, so the 
electron temperature in the corona can be higher. 

The black hole mass does not influence the shape of 
the spectrum, but a smaller black hole mass helped to 
shift the disk peak emission toward somewhat higher en- 
ergies and better fit the data. To match the optical data 
we needed to lower the black hole mass to 2 x 1O 7 M0. 
This increased the accretion rate, which we had to again 
decrease and finally we got the best fit with the initial 
input parameter m = 0.36. 

The spectral shape is affected by both viscosity a and 
accretion rate to. For small viscosity, the relation is 
roughly monotonic, i.e. the larger to, the softer the spec- 
trum. This is because for large to the radial extension 
of the corona is larger. The hard X-rays are generated 
mainly at large radii from the black hole, because at the 
outer radius of the corona the fraction of the energy dis- 
sipated in the corona is f CO r(r ut) ~ 1-0, while at smaller 
radii f C or(r) is much lower. For large r ou t the gravita- 
tional energy available for dissipation is smaller, so there 
is less flux in hard X-rays. Therefore, with the same 
electron temperature in the corona at r out , we have a 
much more profound disk emission, that forms the big 
blue bump and the spectral index is steeper. For a large 
a, this dependence is not always monotonic. This is be- 
cause the radial extension of the corona only very weakly 
depends on viscosity, while the electron temperature de- 
creases with a. 

Because of the above complex dependencies, we had to 
change also the viscosity parameter to fit the data best 
(Fig. [TJd) . For a too small viscosity, the corona is rather 
compact and hot, so the hard X-ray flux was too large. 
Also, the viscosity cannot be too small: for a < 0.01 the 
corona became too small and we could not determine the 
corona structure. We have applied two values of viscosity 
parameter to our model: a — 0.03 and a = 0.1. We 
found, that for the black hole mass and accretion rate 
of Mbh = 2 x 10 7 Mq and m = 0.36, both viscosity 
coefficients give the X-ray flux within the Chandra limit, 
however a better fit is obtained for the larger value of 
a = 0.1. We note that both these values are plausible for 
AGN disks. A moderately small value of a ~ 0.02 - 0.04 
is in agreement with the results of the MHD simulations 
(|Turnerl200"llHirose et al.ll2009f ). On the other hand, the 
observational constraints for the a p arameter give eve n 
larger values, of the order of 0.1-0.4 ([King et all 120071 ). 
therefore such values are also plausible. 

The best model spectrum for 1045+352 is presented 
in Fig. |T|b and with the best parameters: Mbh = 
2 x 10 7 Mq, rh = 0.36 and a = 0.10. showing that 
the observed X-ray emission could be due to both the 
disk corona and the relativistic jet. However the rela- 
tivistic jet emission dominates over the corona emission 
in X-rays. As we discussed in the previous paragraph 
the jet SSC emission is strong and well constrained by 
the observed synchrotron spectrum. On the other hand 
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Fig. 1. — Spectral Energy Distribution of 1045+352 based on the data gathered from the literature and SDSS. Our Chandra observations 
are presented as a box: width means 0.5-7 keV range, hight is a flux uncertainty, and the box is drawn for T=1.7 and T=2. The curves show 
the modeled spectral components: synchrotron emission (solid line), and corresponding SSC emission (dotted line), thermal dust emission 
(dashed line); thermal starlight (dash-dotted line), and comptonized thermal emission from the accretion disk and corona (short- long 
dashed line). The bold solid line is the sum of the shown spectral components. Since there is a lack of the infrared data the plot is not 
drawn in that regime. The indicated parameters are: 8 - Doppler factor, R - source size, B - magnetic flux, Mgu - mass of the black hole, 
m - accretion rate, and a - viscosity parameter. The values of the fluxes are K-corrected. 
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Fig. 2. — Rest frame radio and X-ray luminosities for radio- 
loud BAL quasars ob s erved in X-rays so far: the five BALs 
from Brotherton ct al. (2005) sample (squares); the first known 
radio-loud B ALQSO with FRII morphology 1016+5209 from 
[Schaefer_e^al. (2006); large scale hy brid object 1 004+1 30 from 
llVliller et al.l (120061 ): four BALs from IWang et af] pOOgh . two of 
them have only upper limit; 1045+3 52 (this paper); four radio- 
loud BALs from IGiustini et all 1 120081) (stars'). 

the optical and X-ray data can be affected by the extinc- 
tion in the source nuclear region and the intrinsic value 
of the emission of the accretion disk and corona can be 
higher. Deeper X-ray observations could allow us to es- 
timate the X-ray emission with more accuracy and help 
us to differentiate between model possibilities. 

As we show in the discussion in Sec. 2] the X-ray emis- 
sion of 1045+352 is very weak comparing to the other 
radio-loud BAL quasars suggesting a strong absorption. 
If so the X-ray emission we observe can be mostly due to 
X-ray emission from the relativistic jet, while the X-ray 
emission from the corona is absorbed in a large part. 

4. DISCUSSION 



iBrotherton et al] (|2005l ) made Chandra X-ray obser- 
vations of five radio-loud BAL quasars and noticed that 
they are X-ray weak relative to similar non-BAL quasars, 
but brighter than radio-quiet quasars (Figj2j squares). 
They interpreted this X-ray weakness as a result of large 
intrinsic absorption columns. The above suggestions 
have been confirmed by the X-ray observations of an- 
other two rad i o-lou d BAL quasars (jMiller et al.l 120061 : 
lSchaefer~t al. 2006) and it seemed we could draw a 
separate correlation between an X-ray and radio lu- 
minosity for radio-loud BAL quasars. However, re- 
cent detections of X-ray bright radio-lo ud BAL quasars 
(jWang et all 120081 : iGiustini et ail 120081 ) complicated the 
picture. We have updated the Brotherton ct al. ra- 
dio to X-ray luminosity plot and added all radio-loud 



BAL quasars observed in X-rays to da te ( Giustin i et al 
20rj8tlMiller eTaT1 l2006: Sch aefer et a l. 2006; Wan g et al 



2008fh We also included our 1045+352 Chandra X-ray 



data point there. The final Fig[2] contains 16 sources and 
their properties are gathered in Table [T] 



A wide range, 3 orders of magnitude, of the X-ray lu- 
minosities is visible on the plot and the result is sim- 
ilar to that obtaine d for radio-quiet BAL quasars by 
IGiustini et all <|2008f ) and iShen et aD (|2008f ). These au- 
thors concluded that the large spread in the Lx values is 
because of the differences in column densities and veloc- 
ities of the quasar outflows which change with the view- 
ing angle. It has to be put in mind, however, that in the 
case of X-ray properties of radio-loud BAL quasars we 
still have a very poor statistics and more observations 
are needed. 

We can measure the orientation angle of radio- 
loud BALQSOs using radio morphology. This has 
been done for some of the sources in the sample 
and the results are given in Table [TJ There is a 
suggestion, based on the radio brightness tempera- 
ture estimation, t hat four sources have polar outflows 
(jWang et al.ll20 08). For the other three sources with re- 
solved radio structures at 5 GHz (two large scale ones 
1004+130 and 1016+5209, and the one CSS object, 
1045+352), the angles b etween the jet axis and the line 
of sight were estimated dGregg et al.l l2000t iMiller et alJ 
120061 : iKunert-Bairaszewska fc Mareckil I2007F using the 
core radio-to-optica l lum inosity ratio defined by 
Wills & Brotherton (1995). All three have a radio core 
and one-sided jet suggesting asymmetry, but only in the 
case of 1045+352 the estimated viewing angle implies 
beaming. Each of these three sources is located in a 
very different part of the parameter space in Fig. O 
The beamed 1045+352 with inclination angle < 30° is 
more than an order of magnitude more luminous in ra- 
dio than the unbeamed 1004+130 observed at ~ 45° and 
both of them have a very similar X-ray luminosity. The 
unbeamed 1016+5209 at > 40° is an order of magni- 
tude more luminous in X-rays than 1045+352, but both 
have a very similar radio luminosity. If the position of 
1016+5209 in Fig. [5] indicates the amount of absorption 
then this source should be less absorbed than 1045+352. 
On the other hand its inclination angle is larger, so 
the absorption column should be larger than the one in 
1045+352. This seems in conflict with the orientation 
model. The above case is complicated by one more thing: 
the nature of CSS source 1045+352 is different from that 
of the two large scale objects. It seems that the jet in 
1045+ 352 is strong and the probable counter-je t is very 
weak (Kunert-Bajraszcwska & Gawrohski 2009), but we 
suspect that there are environmental effects influencing 
the jet's direction and emission which are difficult to esti- 
mate. We treat the value of the viewing angle as a rough 
e stimation. 

I White et ail (|2007f) have shown that BALs are not 
found among the brightest radio-emitting quasars, al- 
though below 2 mjy they are systematically brighter 
than non-BAL objects, with the greatest disparity aris- 
ing in LoBALs. This may indicate that we are looking 
closer to the jet axis in quasars with BALs. However 
the Doppler factor for these sources is rather small (like 
in the case of 1045+352), and the beaming effect causes 
inappreciable shift of the sources to the left on the plot 
(Fig.©. 

4.1. Origin of X-ray Emission in BAL Quasars 

As it has been suggested by some authors the X-ray 
emission of some BAL quasars can be efficiently ab- 
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sorbed by dense gas close to the BLR region. How- 
ever, in the case of radio-loud BAL quasars the observed 
X-ray emission might originate from relativistic jets at 
the further di stance from the core, where there is no 
shielding gas dBrotherton et all [2003: 1 Wang et all 120081 : 
iMiller et al.l l2009[). As has been shown in the case of 
1004+130 (|Miller et al.ll2006l) . the X-ray emission of the 
radio structure is limited to its very inner part (the ra- 
dio core and the part of the jet closest to radio core). 
This is also what we have assumed in our model of X-ray 
emission of 1045+352. We have shown on the example 
of 1045+352, that the X-ray emission of the potential 
young radio jets in BAL quasars can contribute to the 
observed X-ray emission of the whole source (Fig. [1]). 
It, however, depends on the angle between the jet axis 
and the line of sight. It is not obvious how the X-ray 
absorbing gas close/in the BLR region is spaced and if 
this is a common scheme for all BAL quasars. It could 
be that more than one scatt ering path is present there 
(|Lamv fc H utscmckcrs 2004). If so the radio-jet orien- 
tation can give us only an estimation of the X-ray con- 
tribution coming from the radio jets, and not necessarily 
give us the probability of the BAL visibility and the total 
X-ray emission of the source. In the case of 1045+352 we 
suspect that the X-ray emission of the corona is strongly 
absorbed and what we observe is mostly the X-ray emis- 
sion fr om the relativistic jet which seems t o be very 
strong (jKunert-Bajraszewska fc Mareckill2007| ). 

4.2. Radio Properties and Evolution of BAL Quasars 

1045+352 quasar is a CSS radio source with the size 
of 4.3 kpc. Currently, there are only 17 compact radio- 
loud BAL quasars obs e rved with VLBI in the literature 
( Jiang & Wang] 2005 ; iKunert-Bairaszewska fc Mareckil 
I2007t lLiu et"afl (20081: iMontenegro-Montes et al.1 l2009f ). 
About half of them have still unresolved radio struc- 
tures even in the high resolution observations, the 
other have core-jet structures indicating some re- 
orientation or very complex morphology, suggesting 
a strong interaction with the surro unding medium 
(|Kunert-Bairasz cwska & Marccki 2007) . All of them are 
potentially smaller than their host galaxies. The analysis 
of the spectral shape, variability and polarization prop- 
erties of some of them shows that they are similar to CSS 
and GPS object s, and are not oriented along a p articu- 
lar line of sight ([Montenegro-Montes et aLll2009f ). How- 
ever, it may suggest that BALs are associated with an 
early stage of t he radio sour c e evolution and as has been 
pointed out by IGregg et all (|2000l I2006D the large scale 
radio-loud BALQSOs could be objects with restarted ac- 
tivity. 

The X-ray properties of GPS/CSS objects and its cor- 
relation with the radio data have been recently disc ussed 
(jSiemiginowska et aLlUM iTengstrand et al.ll200H . Ac- 
cording to the authors the correlation between the X- 



ray and radio luminosities can be different for different 
group of radio sources. GPS quasars are not absorbed, 
in contrast to GPS galaxies, which show high X-ray col- 
umn densities. The radio core luminosities for the GPS 
galaxies are higher than for FR II sources but their X-ray 
luminosities are comparable. This can indicate that only 
the X-ray emission of the very inner part of the radio 
structure may contribute to the X-ray emission of the 
whole source. Another suggestion is that making X-ray 
to radio luminosity correlation we should treat large scale 
and compact BAL quasars separately. 

It has been also mentioned by sev- 
eral authors ([Reynolds &: Begelmanl 119971: 



Kunert-Bairaszewska et al.l 120061: ISiemiginowska et al.l 
20081 ) about the possibility of the intermittent activity in 
young AGNs, which can be caused by the accretion disk 
instabilities platziminaoglou et all 120011 : Uaniuk et al.l 
120041 : iCzernv et al.ll2009| ). This can lead to the scenario, 
where we have phases in quasar lifetime dominated 
alternatingly by X-ray emission from the base of the 
radio jet or the accretion disk corona. 

5. SUMMARY 

We presented Chandra X-ray observations and describe 
spectral properties of a bright radio-loud BAL quasar 
1045+352. We suggest that the observed X-ray emission 
could be due to both the disk corona and the relativistic 
jet. The X-ray emission due to the jet SSC emission 
is quite significant and may dominate the X-ray energy 
range. On the other hand IC scattering emission due 
to the radiation field produced by dust and stars in the 
center of the galaxy is negligible in this source. Deeper 
X-ray observations of 1045+352 will be very useful to 
constrain possible model's solutions. 

We conclude that there is no correlation between the 
radio and X-ray luminosities present in a sample of radio- 
loud BAL quasars observed in X-rays to date. A wide 
range of X-ray emission values indicates a more compli- 
cated relationship between X-ray emission, radio emis- 
sion and orientation based on the radio morphology. 
There is also still an open question about the evolution- 
ary status of radio-loud BAL quasars. From the radio 
observations, we may conclude that most of them are 
compact and probably young radio sources. It is possible 
then that in the case of radio- loud BAL quasars, BALs 
are visible until the radio jets escape the host galaxy. 
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Basic parameters of 16 radio-loud BAL quasars. 
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Description of the columns: (1) source name; (2) source right ascension (J2000); (3) source declination (J2000); (4) redshift; (5) total flux density at 1.4 GHz 
(mJy); (6) log of the radio luminosity at a rest-frame of 1.4 GHz (erg s _1 Hz -1 ); (7) spectral index between 1.4 and 4.85 GHz; (8) total flux density at 
2keV (10~ 15 erg s" 1 cm~ 2 keV" 1 ) calculated assuming the Galactic absorption and photon index; (9) log of the X-ray luminosity at a rest-frame of 2keV 
(erg s -1 Hz -1 ); (10) photon index, V means fitted, in other case - assumed; (11) the optical - X-ray spectral index; quantities in parentheses are calculated 
using dereddened optical flux; (12) BALQSO subclassification, Hi - HiBAL, Lo - LoBAL, FeLo - FeLoBAL, H - BALQSO for which the Mgll spectral region 
is redshifted outside the SDSS window; (13) largest linear size (h^ 1 kpc), '<' means upper limit of the linear size estimated using deconvolved component 
major axis angular size from FIRST or NVSS when available or using FIRST beam (5'.'4); (14) radio morphology, S - single means unresolved in available 
radio image, Cj - core-jet, D - double, aD - asymmetric double, H - hybrid object (FRI/FRIl); (15) angle between the jet axis and the observer based o n 
the radio image, P - polar outflow. The information about t he radio-loud BAL q uasars are gathered from: IBrotherton et al . (2005). iGiustini et al.1 (|2008[ ). 
iGregg et al.1 (pO^ . lKunert-Bajraszewska k Mareckl (p007h . iMiller et all (p006l ) . [Schaefer et al.l (pOOl . lWang et all (|2008h . 



